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Association of Kaposi’s sarcoma associated
herpesvirus (KSHV) DNA in bronchoalveolar
lavage fluid of HIV infected individuals with
bronchoscopically diagnosed tracheobronchial
Kaposi’s sarcoma

Mark R Howard, Nicola S Brink, Denise Whitby, Richard S Tedder, Robert F Miller

Objectives: To determine the frequency of detection of Kaposi’s sarcoma associated herpesvirus
(KSHV), also known as human herpesvirus (HHV) type 8, DNA in bronchoalveolar lavage
(BAL) fluid from HIV infected individuals with and without KS and to compare this with the
detection rate in peripheral blood. Also to identify whether KSHV was associated with specific
cell types in lavage fluid.
Methods:Nested PCR was used to detect KSHV DNA in BAL fluid from 41 consecutive indi-
viduals with Kaposi’s sarcoma (KS) and in 41 controls with similar CD4 lymphocyte counts.
Semiquantification of viral DNA was by end point titration. A positive cell sorting selection pro-
cedure was used to isolate specific BAL fluid cell types.
Results: KSHV DNA was detected in BAL fluid from 24 of 29 (83%) individuals with a bron-
choscopic diagnosis of tracheobronchial KS. None was detected in 12 individuals with only cuta-
neous KS, or in 41 matched controls without KS. In five, KSHV DNA was detected in the cell
depleted and cellular fractions of BAL fluid and in 1/5 in the CD14 (macrophage) fractions.
None was detected in the CD19 (B lymphocyte) or CD4/CD8 (T lymphocyte) fractions.
Conclusions: There was a clear association between the diagnosis of tracheobronchial KS and
detection of KSHV DNA in BAL fluid. The cell type supporting KSHV in the respiratory tract is
not CD 19 positive and has yet to be conclusively identified.
(Sex Transm Inf 1998;74:27–31)
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Introduction
The presentation of Kaposi’s sarcoma (KS) in
individuals with AIDS varies from multiple
indolent cutaneous tumours to rapidly growing
visceral lesions.Within the chest KS may occur
in the visceral pleura,mediastinal lymph nodes,
lung parenchyma, or the tracheobronchial
tree.1–3 The diagnosis of KS at bronchoscopy is
usually made by visual identification of typical
“cherry” red or violaceous lesions within the
trachea and bronchi.1–3 Bronchial and trans-
bronchial biopsy are rarely performed because
of their low diagnostic yield1 2 and the risk of
haemorrhage.1

Kaposi’s sarcoma associated herpesvirus
(KSHV) DNA sequences have been identified
in KS tumour tissue,4 5 and in peripheral blood
mononuclear cells from individuals with KS.6

Recently, serological analysis of a variety of
patient groups has also supported an associ-
ation between KSHV and KS.7 8

In a preliminary report we described the
detection of KSHV DNA in bronchoalveolar
lavage (BAL) fluid and the association of such
detection with bronchoscopically determined
KS.9 In this study we have extended these
observations in order to determine the fre-
quency of detection of KSHV DNA in BAL
fluid from HIV infected individuals with and
without KS. In addition we sought to identify

whether KSHV DNA was associated with any
specific cell type in BAL fluid.

Materials and methods
PATIENTS

Eighty two HIV infected individuals admitted
to the AIDS unit, University College London
Hospitals for investigation of lower respiratory
tract disease, were prospectively studied. All
patients gave informed consent for bronchos-
copy. Forty one consecutive patients (40
males) with cutaneous KS were studied
(including 20 previously reported9). A further
41 HIV infected patients (40 males) with simi-
lar CD4 lymphocyte counts and neither
cutaneous nor tracheobronchial KS were also
studied (including 20 previously studied9).
All patients had fibreoptic bronchoscopy

done by one respiratory physician (RFM) as
previously described.10 Tracheobronchial KS
was diagnosed by visualisation of typical
lesions.1–3 The bronchoscopic extent was re-
corded on a proforma, and categorised as
localised if lesions were confined to the trachea
or the subsegments of one lobe, or widespread
if the trachea and one lobe or the subsegments
of more than one lobe were aVected.3 Broncho-
alveolar lavage was performed and BAL fluid
was processed for storage at −70°C as previ-
ously described.10
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DNA AMPLIFICATION

BAL fluid samples were coded and detection of
KSHV DNA was done without knowledge of
the clinical diagnosis. Amplification by nested
polymerase chain reaction (PCR) was used to
detect KHSV and human DNA. One ml of
unfractionated BAL fluid was boiled for 10
minutes, centrifuged (15 000 rpm, 10 min-
utes), and the supernatant removed. To screen
BAL samples for the presence of KSHV DNA
varying amounts of each supernatant (0.1 µl,
1 µl, 10 µl, and 50 µl) were added directly to
the first round of PCR mixture consisting of 10
mM TRIS-HCl pH 8.3, 50 mMMgCl2, 1 unit
of Taq polymerase (Applied Biosystems, Lon-
don), 200 µM of each dNTP, and 100 ng of
each outer oligonucleotide primer. These
primers were as described.4 After an initial
denaturation at 94°C, 35 cycles of amplifica-
tion comprising 1 minute at 94°C, 1 minute at
58°C, and 1 minute at 72°C were performed,
followed by a 7 minute extension at 72°C. One
µl of first round product was transferred to the
second round reaction which used inner prim-
ers as described.6 Thermal cycling for the sec-
ond round reaction was 25 cycles of 94°C for 1
minute, 50°C for 1 minute, and 72°C for 1
minute. The products of second round PCR
amplification were analysed by ethidium bro-
mide agarose gel electrophoresis.
In order to compare the detection rate of

KSHV DNA in peripheral blood and BAL
between patients with pulmonary plus cutane-
ous KS and only cutaneous KS heparinised
blood samples (0.5 ml) were obtained from 37
patients, 24 of whom had pulmonary and
cutaneous KS, seven who had cutaneous KS
alone, and six who had no clinical evidence of
KS. Blood samples were stored at −20°C in
glycigel before DNA extraction.6 The median
time interval between bronchoscopy and
blood sampling was 2 weeks (range 0–36
weeks). KSHV viral load was determined by
end point titration in both BAL and
heparinised blood.
The single copy human gene encoding

pyruvate dehydrogenase was also amplified
from BAL fluid samples. This nested PCR for
human DNA has previously been shown to
have an approximate single copy input sensi-
tivity and in this study was used to determine
cellular load in BAL fluid, by use of end point
titration.11 End point titration to quantify both
human and herpesviral DNA levels in clinical
samples has been described, and has been
shown to be an appropriate and reproducible
methodology.11 12 The PCR reaction condi-
tions used for human gene amplification were
identical to those used for the KSHV nested
PCR, as were the reagents. The oligonucle-
otide sequences of the outer human primers
were 5' GGG TAT GGA TGA GGA GCT
GGA 3' and 5' TCT TCC ACA GCC CTC
GAC TAA 3', and the inner human primers
were 5' CTT GGA GAA GAA GTT GCC
CAG T 3' and 5' CCT ACA ATT AAG AGT
TGA TCC CTT 3'. As in the nested PCR
for KSHV 1 µl of first round reaction product
was transferred to prime the second round
reaction.

In order to determine the sensitivity of the
KSHV nested PCR, known numbers of the
KSHV genome containing HBL-6 cell line,
which contains approximately 20–50 KSHV
genomes per cell were titrated in a PCR
compatible buVer and DNA extracted. The
limits of detection of the nested PCR was an
input of DNA representing approximately 0.1
HBL-6 cell, equivalent to between two and five
KSHV genomes. This level of sensitivity gave
an absolute detection sensitivity of approxi-
mately 40 copies of KSHV DNA per ml of
BAL fluid and 20 copies of KSHVDNA per ml
of heparinised blood.

CELL SEPARATION

In five patients, with tracheobronchial KS,
where there was suYcient BAL fluid remain-
ing, 20 ml of whole BAL fluid were centrifuged
(15 000 rpm, 10minutes) and 0.5 ml of the cell
free supernatant were ultracentrifuged
(100 000 rpm, 30 minutes). DNA was ex-
tracted from the pellet obtained by ultracen-
trifugation of the cell free supernatant using
phenol chloroform extraction. From the cells
isolated by the initial centrifugation of the
whole BAL fluid a positive selection procedure
was used to isolate those cells with the cell sur-
face markers CD19, CD4, CD8, and CD14
(MACS, Miltenyi Biotech, Gladbach,
Germany).13 14 Following cell separation DNA
from each individual cell type and the remain-
ing unsorted cells (the cell depleted fraction)
was isolated by phenol chloroform extraction.
All cell fractions from each of the five patients
were analysed for the presence of KSHVDNA.
Where suYcient extracted material remained
the cell numbers (genome equivalents) in each
fraction were also measured using pyruvate
dehydrogenase human PCR.11 12

STATISTICAL ANALYSIS

Detection of KSHV DNA in individuals with
and without tracheobronchial KS was com-
pared using a two tailed Fisher’s exact test. A p
value <0.05 was considered significant.

Results
Of the 82 individuals in this study, 41 had KS;
29 had both tracheobronchial and cutaneous
disease and 12 had cutaneous disease only, the
diagnosis of KS was confirmed histologically
by bronchial biopsy in one patient (no 12) and
at necropsy in five others (nos 1, 4, 13, 14, and
17). Details of the bronchoscopic diagnoses of
these 41 patients with individual results of
KSHV DNA detection in BAL fluid are given
in table 1.
The bronchoscopic diagnoses in the 41 indi-

viduals without pulmonary KS were Pneumo-
cystis carinii pneumonia in 27, bacterial pneu-
monia in 10, tracheitis in one, Mycobacterium
tuberculosis in two, and M avium-intracellulare
with Aspergillus fumigatus in one. Of those 41
individuals without KS at the time of bron-
choscopy three subsequently developed cuta-
neous KS (18, 26, and 48 weeks later). Six oth-
ers died between 1 and 5 (median 4) weeks
after bronchoscopy. At necropsy none had
Kaposi’s sarcoma. Of the remaining 32,
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followed for a median of 31 weeks (range
10–116 weeks) none developed clinical evi-
dence of cutaneous or pulmonary KS.
The median CD4 lymphocyte counts in

those individuals with and without KS were
similar, 30 × 106/l (range 0–310 × 106/l) and 30
× 106/l (range 10–330 × 106/l) respectively
(normal range 350–2200 × 106/l).
BAL fluid samples from all 82 individuals

contained detectable human genome, indicat-
ing the presence of cellular material and the
ability to amplify DNA from all BAL samples.
The median load of human DNA recovered
from the BAL fluid from both pulmonary dis-
ease and control groups was the same at 100
copies per µl (range 10–10 000 copies per µl).

This was considered to be important as KSHV
is likely, as with other herpesviruses, to be
highly cell associated and discrepant cell loads
in BAL fluid, between the two groups, may
have aVected KSHV DNA detection rates.
KSHVDNAwas detected in BAL fluid from

24 (83%) of the 29 patients with both cutane-
ous and pulmonary KS, but was not detected
in BAL fluid from any of the 12 with only cuta-
neous KS and no bronchoscopic evidence of
pulmonary KS. KSHV DNA was not detected
in the BAL fluid from the 41 individuals who
had no form of KS (table 2). The association
between detection of KSHV in BAL fluid and
a bronchoscopic diagnosis of tracheobronchial
KS was found to be highly statistically

Table 1 Results of bronchoscopy and KSHV DNA detection in BAL fluid from 41 HIV infected patients with Kaposi’s
sarcoma (KS)

Study No Bronchoscopic diagnosis

Bronchoscopic extent of KS
Human DNA
(copies/µl of BAL
fluid)

KSHV DNA
(copies/1000 cell
genomes in BAL
fluid)

Widespread/
localised

No of visible
lesions

Pulmonary and cutaneous KS:
1 PKS W 13 100 10
2 PKS L 2 100 1
3 PKS and H influenzae pneumonia W 18 10 000 1
4 PKS and PCP* L 3 1 000 1000
5 PKS* W 21 1 000 0.2
6 PKS W 10 1 000 0.1
7 PKS and P aeruginosa pneumonia* W 14 1 000 0.1
8 PKS and P aeruginosa pneumonia W 20 100 10
9 PKS* W 14 1 000 0.02
10 PKS and CMV pneumonitis W 13 100 0.2
11 PKS and C neoformans pneumonia W 10 1 000 0.1
12 PKS and C neoformans pneumonia W 9 10 ND
13 PKS and PCP W 20 1 000 1
14 PKS and PCP* W 3 1 000 0.1
15 PKS W 5 100 0.02
16 PKS and MAI W 2 10 0.02
17 PKS W 8 1 000 1
18 PKS andM xenopi L 8 100 ND
19 PKS W 9 100 1
20 PKS and P aeruginosa pneumonia* W 10 10 000 1
21 PKS W 20 1 000 1
22 PKS W 28 1 000 10
23 PKS W 13 1 000 0.1
24 PKS W 9 100 ND
25 PKS W 32 1 000 1
26 PKS and PCP W 30 10 ND
27 PKS W 14 1 000 ND
28 PKS and PCP L 6 100 1
29 PKS L 2 10 10
Cutaneous KS:
30 Mixed bacteria andMAI* None 0 1 000 ND
31 PCP None 0 100 ND
32 PCP None 0 1 000 ND
33 K pneumoniae pneumonia None 0 1 000 ND
34 E coli pneumonia None 0 100 ND
35 P aeruginosa pneumonia None 0 1 000 ND
36 S pneumoniae pneumonia None 0 100 ND
37 PCP None 0 100 ND
38 PCP None 0 1 000 ND
39 Mixed bacteria andMAI None 0 10 000 ND
40 Mycobacterium tuberculosis None 0 100 ND
41 Mycobacterium tuberculosis None 0 100 ND

PKS = pulmonary Kaposi’s sarcoma; PCP = Pneumocystis carinii pneumonia; W = widespread; L = localised, ND = not detected;
MAI =Myocabacterium avium-intracellulare, *= Previously received chemotherapy for cutaneous Kaposi’s sarcoma.

Table 2 Detection of KSHV DNA in BAL fluid and peripheral blood of 82 HIV infected people with and without Kaposi
sarcoma (KS)

Patient group

BAL Blood

KSHV DNA
detected (%)

Range (median)
KSHV copies per 1000
cell genomes

KSHV DNA
detected (%)

Range (median)
KSHV copies per ml

KS (n=41)
Pulmonary and cutaneous KS (n=29) 24/29 (83) 0.02–1000 (1.0) 17/26 (65) 40–2×106 (200)
Cutaneous KS only (n=12) 0/12 (0) ND 5/7 (71) 40–2×105 (2000)

No KS (n=41) 0/41 (0) ND 0/6 (0) ND

ND = not done.
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significant, p <0.001. Titres of viral DNA in
BAL fluid, as expressed as KSHV DNA copies
per 1000 human genomes, varied over a 5 log10
range.
Samples of peripheral blood were available

from a proportion of patients with pulmonary
and cutaneous KS (26 of the 29), cutaneous
KS only (seven of the 12) and no KS (six of the
41). KSHV DNA could be detected in the
peripheral blood of patients with pulmonary
and cutaneous KS (17/26) and in those with
cutaneous KS only (5/7) in similar propor-
tions, as shown in table 2. The median titre and
range for both groups are shown in table 2. For
patients with pulmonary and cutaneous KS the
median KSHV DNA blood titre was 200 cop-
ies per ml (range 40–2 × 106 copies per ml) and
for those with cutaneous KS only the median
KSHV DNA blood titre was 2000 copies per
ml (range 40–2 × 105 copies per ml). In a small
number of individuals with no KS we were
unable to detect KSHV DNA in peripheral
blood.
KSHV DNA was not detected in CD4/CD8

(T lymphocyte) or CD19 (B lymphocyte) com-
ponents from BAL fluid of any of the five
patients (No 17, 19–22) with cutaneous and
pulmonary KS. However, KSHV DNA was
detected in the CD14 (macrophage) compo-
nent in one sample (No 19) and in the cell
depleted fractions and the ultracentrifuged pel-
lets of all five samples. There was suYcient
material from three of the five patients for
genome equivalent cell numbers to be deter-
mined in the positively selected fractions (table
3). All but one of the positively selected cell
fractions contained human DNA: the CD14
fractions from patients 21 and 22 had similar or
higher genome equivalents to the CD14
fraction of patient 19 (the only fraction in which
KSHVDNAwas detected).Cell DNA recovery
from the CD 4/8 fractions was low (table 3).

Discussion
The most striking observation in this study was
the clear association between the broncho-
scopic finding of tracheobronchial KS and the
presence of KSHV DNA in BAL fluid from
HIV infected patients with concurrent pulmo-
nary and cutaneous KS. In contrast, none of
those with cutaneous KS only had detectable
KSHV DNA in BAL fluid, nor was KSHV
DNA detected in 41 who were similarly immu-
nosuppressed but with no evidence of cutane-
ous or pulmonary KS. These results indicate a
potential role for detection of KSHV DNA in
BAL fluid as an objective confirmatory test for
the visual identification of KS lesions at
bronchoscopy.

Five of 29 patients with pulmonary KS had
no detectable KSHV DNA in BAL fluid. Pos-
sible reasons for the lack of detectable KSHV
DNA in these individuals include the extent of
pulmonary disease, prior chemotherapy, and
the amount of cellular material recovered from
BAL fluid influencing viral recovery. The
extent of pulmonary disease (as detected by the
number of visible lesions at bronchoscopy) did
not correlate with the failure to detect KSHV
DNA in BAL fluid and none of those without
detectable KSHV DNA had prior chemo-
therapy for KS (table 1). Furthermore, the
median copies of human DNA per µl of BAL
fluid (the cellular load) was the same in
patients with pulmonary KS with and without
detectable KSHV DNA (100 copies/µl in both
groups). A possible explanation for failure to
detect KSHV DNA was apparent in only one
person whose BAL fluid was found to be
grossly blood stained and therefore was likely
to contain high levels of porphyrin compounds
which are inhibitory to PCR.15

The 5 log10 range of KSHV DNA titre per
1000 copies of human genome observed in
BAL fluid, taken at the time of diagnosis of
pulmonary KS, showed no obvious correlation
of with bronchoscopically determined number
of pulmonary KS lesions or general pulmonary
KS disease extent.
Our detection of KSHV DNA in the periph-

eral blood of 65–71% of patients with KS
extends our earlier findings as to the incidence of
blood borne detectable KSHV genome.6 Impor-
tantly this detection of KSHV DNA at approxi-
mately the same incidence in both patients with
pulmonary and cutaneous KS (65%) and in
those with cutaneous KS alone (71%) would
suggest that the diVerent rates of KSHV DNA
detection in BAL fluid were not due to blood
contamination of BAL fluid at time of sampling
nor from leucocytes which have entered into the
pulmonary cavity as a result of cell associated
immunological activity. Few HIV infected pa-
tients without clinical evidence of KS are
expected to have detectable KSHV DNA in
their peripheral blood,6 therefore it is not
surprising that it was not detected in the blood
from six without KS who were tested.
KSHV DNA was not detected in the CD19

lymphocyte component derived from BAL
fluid. This contrasts with the finding of KSHV
DNA in peripheral blood B lymphocytes from
people with Kaposi’s sarcoma.16 KSHV DNA
was detected in the CD14 (macrophage) com-
ponent of one BAL sample; the significance of
this is uncertain. Recently, KSHV DNA has
been detected in the macrophage component
of KS lesions.17 Whether these cells support
viral replication or the detection of KSHV
DNA simply reflects their scavenging function
is unknown. The failure to amplify KSHV
DNA from positively selected fractions would
appear not to be due to an insuYcient number
of recovered cells, as the CD14 cell fractions
contained 100 or more genome copies per µl
and the CD 19 fractions contained 10 or more
copies per µl. Only the CD 4/8 fractions
contained very low levels of human genome.
The consistent finding of KSHV DNA in the

Table 3 Cell numbers, by human genome equivalents, in
positively selected fractions of BAL fluid

Patient no

Cell fraction (copies/µl)

CD 4/8 CD 14 CD 19

19 1 100* 100
21 ND 1000 10
22 NS 100 100

*KSHVDNA detected only in this fraction.ND = not detected,
NS = no sample.
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cell depleted pellet of BAL fluid indicates that
the major cell type or types that support KSHV
replication in the respiratory tract have yet to
be identified.
In summary, detection of KSHV DNA in

BAL fluid may provide a useful, objective con-
firmation for diagnosis of pulmonary KS espe-
cially in cases where the bronchoscopic presen-
tation is atypical. Results must, however, be
interpreted with caution as the absence of
detectable KSHV DNA in lavage fluid may not
completely exclude the presence of pulmonary
KS. Further work is needed to confirm this
association and to describe accurately the site
of KSHV replication in the lung.
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